In the whole group, increasingly severe pulmonary stenosis was matched by increasing electrocardiographic evidence of right ventricular hypertrophy. However, in individualpatients the electrocardiogram could suggest that right ventricular pressure had decreased when in fact it had risen considerably.
Thirty-five children with pulmonary stenosis were catheterizedfrom I day to gyears of age and recatheterized after 2 weeks to I5 years. Right ventricular systolic pressure rose in 24 and the increase was greater in those under than over 5 years old. Pulmonary valve orifice area per square metre of body surface area increased in I2, did not change in 3, andfell in I7; absolute decrease in calculated orifice area was usually associated with infundibular hypertrophy. Increase in right ventricular systolic pressure with age was thus caused by failure of the valve orifice to grow fast enough to keep pace with the increase of stroke volume.
In the whole group, increasingly severe pulmonary stenosis was matched by increasing electrocardiographic evidence of right ventricular hypertrophy. However, in individualpatients the electrocardiogram could suggest that right ventricular pressure had decreased when in fact it had risen considerably.
Severe pulmonary stenosis may cause congestive heart failure and death in infancy or early childhood (Benton et al., I962; Luke, I966; Gersony et al., I967) . However, relatively few of those born with pulmonary stenosis follow this course (Carlgren, i959; Rowe and Cleary, I960; Lambert, Canent, and Hohn, I966) and the majority of deaths have occurred in older children and adults (Selzer et al., I949; Abrahams and Wood, i95i; Fabricius, i959) . Most of the reported older patients with severe pulmonary stenosis did not have serial cardiac catheterizations and we do not know if they had from infancy a tight stenosis that was well tolerated for many years, or if the obstruction was mild in infancy and became more severe with time.
There have been few serial catheterization studies of the natural history of pulmonary stenosis in children and even fewer in very young children. Out of a total of I05 recatheterized patients cited in 8 reports (Fabricius, I959; Engle, Ito, and Goldberg, I964; Tinker et al., I965; Levine and Blumenthal, I965; Moller and Adams, I965; Loogan, Gleichmann, and Wilke, I966; Lueker, Vogel, and Blount, I970; M0ller, Wennevold, and Lyngborg, 1973) , the right ventricular pressure had risen significantly in Received 13 March 1975. 'Supported in part by a program project grant from the National Heart and Lung Institute, National Institutes of Health, Bethesda, Maryland, U.S.A. the second study in only I5, almost all of whom had high pressures at the first study. Furthermore, most of the patients were older children and adults; only I5 were under 5 years at the time of the first study and none were infants. The general lack of change of right ventricular pressure with time suggests that the pulmonary valve area increased with age in most of these patients, and this was confirmed by calculations of the valve area in 2 of these studies (Moller and Adams, I965; Lueker et al., I970) . While this information is important it does not throw any light on the changes occurring in the few with increasingly severe disease.
There are several ways in which pulmonary stenosis might become more severe. Some studies (Kirklin et al., 1953; Johnson, I959;  Little, Lavender, and DeSanctis, I963) have suggested progressive obstruction of the right ventricular outflow tract from increasing hypertrophy of infundibular muscle but these have all been in older children and adults. Campbell and Missen (I969) All had valvar pulmonary stenosis with an intact ventricular septum. Two with rubella embryopathy had added mild peripheral pulmonary arterial stenosis. Three had small left-to-right shunts with pulmonary to systemic flow ratios of I:8, 1:3, and I:2; one shunt was at the atrial level, one through a persistent ductus, and one at both levels.
No sedation or anaesthesia was used for 8 infants catheterized under 3 months of age; I0 other infants received general anaesthesia(5) or sedationwithtribromoethyl alcohol (3), morphine sulphate (i), or chloral hydrate (i). The remainder were usually premedicated with pethidine and hydroxyzine hydrochloride, each i mg/kg intramuscularly, and were never deeply sedated though they were usually quiet throughout the study.
Oxygen uptake was measured in 3 infants with a nasal valve (Golinko and Rudolph, I96I) and in most over 7 years of age by collection of expired air. For the others, oxygen uptake was estimated from average values for heart rate and body surface area (Hoffman and Rudolph, i965; LaFarge and Miettinen, 1970) ; the 95 per cent confidence limits for these assumed values are about 50 per cent each side of the mean value. Oxygen saturations were measured spectrophotometrically by a modified Drabkin method (Rudolph and Cayler, I958) 
Results
The pertinent clinical and catheterization data are given in Table i . Fig. i shows how the right ventricular systolic pressure changed at subsequent catheterizations and, since pulmonary arterial pressures in pulmonary stenosis do not vary much, also represents the changes in peak systolic pressure difference across the right ventricular outflow tract. There was a tendency for the right ventricular systolic pressure to rise, especially in younger children and those with higher initial pressures. Of 25 first catheterized under 5 years of age, pressure rose in I7 (over 20 mmHg (2.7 kPa) in ii), fell in 6, and rose and then fell in 2. The falls of pressure were under 20 mmHg (2.7 kPa) in all but 2 children, in I of whom a left-to-right atrial shunt disappeared spontaneously between the 2 studies. A systolic pressure rise over 20 mmHg (2.7 kPa) was noted in 2 out of 7 and in 7 out of I2 whose initial right ventricular systolic pressures were, respectively, under 50 and between 5i and ioo mmHg (6.7 and 13.3 kPa). The difference was not significant (P=O.I8) by Fisher's exact test. Of io children first catheterized over 5 years of age, right ventricular systolic pressure rose in 7 (in 4 it rose less than 20 mmHg (2.7 kPa)) and fell less than Io mmHg (I.2 kPa) in 3. The smaller rise of pressure in those first studied over 5 years is all the more striking because they usually had the greater time intervals between catheterizations.
A major cause of a change in right ventricular systolic pressure between studies is a change in stroke volume; this usually increased with age and growth and could have been increased or decreased by differences in sedation and anxiety. The two variables tended to rise together but could at times vary in opposite directions (Fig. 2) .
We measured changes in right ventricular systolic ejection time in 23 patients; in 7 there was a slight decrease at the second study of O.OI to o.o8 s, in 3 there was no change, and in I3 ejection time increased up to O.I9 s, with a mean increase of o.o66 s. Only 3 of the 23 measurements had ratios of ejection 8io Danilowicz, Hoffman, and Rudolph (Fig. 4A) . The height of the R or R' wave in the right praecordial leads usually changed in the same direction as the change in right ventricular systolic pressure (Fig. 4B) Almost all the calculated high cardiac outputs were associated with low arteriovenous differences of oxygen content, however, suggesting that indeed the Discussion flows were higher than normal. Finally, increases in ulations right ventricular pressure and right-sided forces were well correlated, so that the pressure increases iating pulmonary valve orifice area from the were in general not caused by transiently raised n formula is subject to errors in the measure-stroke volumes. It is notable that many other pubof each component of the formula, but the lished studies also relied on assumed oxygen conibution to the total error varies for each com-sumption. (Cayler, Rudolph, and Nadas, I963; Jegier et al., I963) , though recent studies suggest a slightly better correlation with height alone (Krovetz and Goldbloom, 1972) . Because of the normal slowing of heart rate from infancy to adulthood (Liebman, I968; Walsh, I968) stroke volume increases more rapidly than does cardiac output so that there is about a twelve-to fifteenfold increase of stroke volume from birth to adult life. At the same time, the increase in age and decrease of heart rate would be expected to increase systolic ejection time between two-and threefold (Golde and Burstin, I970). Thus, for a fixed valve orifice area, the ratio of SV/SET would normally rise four-to sevenfold from birth to adult life, and in theory, cause sixteen-to forty-ninefold rise in mean systolic pressure difference from right ventricle to pulmonary artery. That this does not occur is because of the additional prolongation of right ventricular ejection time from the pulmonary stenosis (Vogelpoel and Schrire, I960; Gamboa, Hugenholtz, and Nadas, i964) , to increase in size of the valve orifice, or to congestive failure. In some patients with severe pulmonary stenosis right bular hypertrophy rather than by narrowing of the valve orifice. In our small series, severe infundibular hypertrophy occurred in patients before 2 years of age; in these children right ventricular systolic pressures were initially over 70 numHg (9.3 kPa). However, one boy at 3 years of age had mild infundibular hypertrophy with a right ventricular systolic pressure of 48 mmHg (6.4 kPa); by 6 years of age the pressure had risen to I00 mmHg (I3.3 kPa) and there was severe infundibular hypertrophy.
The results of our study show that right ventricular pressures often increased, particularly in young children, and that in young children the chance of increase was independent of initial pressure levels (Table 2A) . By contrast, analysis of 80 120 160 200 published cases suggests that increases in pressure r Systolic Pressure (mm Hg) are uncommon and occur predominantly in those over 5 years old when first catheterized (Table 2B) 
